The purpose of this study was to test the hypothesis that blue-collar workers have an increased risk of coronary heart disease. Subjects were 653 male (mean age, 32.6 years) and 492 female (mean age, 26.3 years) workers employed during 1993 at a computer manufacturing company. The measurements determined were body mass index (BMI), waist to hip ratio (WHR), skinfold thickness, blood pressure, grip strength, back strength, vertical jump and trunk flexion. Male blue-collar workers had significantly higher WHR (P<0.001), systolic blood pressure (P=0.031), grip strength (P=0.030), and standing flexion (P=0.038) than do white-collar workers. Female blue-collar workers had significantly higher BMI (P=0.018), WHR (P<0.001), and grip strength (P=0.007). Blue-collar workers took significantly less exercise, and habitually snacked (females only), smoked and drank more alcohol (males only) than white-collar workers. In conclusion, blue-collar workers have more intra-abdominal fat than white-collar workers of either sex. The difference may be due to factors contributing to the less healthy lifestyles of blue-collar workers.
INTRODUCTION
Although the mortality rate from coronary heart disease (CHD) is lower in Japan than in western countries (e.g. the death rate is 57.6/100,000 in Japan, about 1/5 of that in the UK), 1 it is still one of the most common chronic diseases, and is worth preventing even in occupational settings. Some epidemiological studies suggest that bluecollar worker are at a higher risk and suffer higher mortality rates due to CHD.
2 " 4 One reason may be that blue-collar worker tend to be in lower social and educational groups, which feature prominently in CHD risk factors. 5 It has also been suggested that the specific health-related behaviour and habits of blue-collar workers are contributory factors, and include adverse lifestyles, poor participation in health promotion programmes, and poor utilization of the services of health professionals. 6 ' 7 This study focused on the lifestyles of blue-collar workers in comparison with those of white-collar workers. It was fortunate that such a comparative study could be conducted because the two groups comprising this study population-the Japanese employees of a computer manufacturing company-had slightly differing physical workloads, therefore a major confounder was controlled practically. Automated and computer-regulated operations within the factory have very substantially lowered the physical workload of blue-collar workers. Since there are relatively few epidemiological studies concerning this issue, it is necessary to define the relationship in detail.
In the present study, the investigation included the determination of several indices of body fat, blood pressure and serum lipids, which are well-known as independent risk factors for CHD in Japanese workers engaged in light-to-moderate physical work. The main purpose of this study was to test the hypothesis that bluecollar worker are at a higher risk from CHD than are white-collar workers. This paper also explored how lifestyles of both types of worker affect the association between occupation and CHD.
SUBJECTS AND METHODS

Subjects
The 1354 employees (812 men and 542 women) of a computer and printer manufacturing company were chosen for this study. Blue-collar workers were engaged in either unskilled or skilled manufacturing work assembling personal computers, printers, or printer parts; or as machine operators or maintenance staff. The while-collar workers included computer programmers, hardware designers, and staff in clerical positions. The occupational classification of 'blue-collar' and 'white-collar' was based on that given in the Standard Occupational Classification Manual* with types being coded as 0 for blue-collar workers, and 1 for white-collar.
Health examination
In September 1993 the computer company conducted its annual health check-up, during which anthropometric measurements, physical strength tests, and blood tests were carried out. A questionnaire survey was also undertaken. Seven hundred and one (86.3%) men and 507 (93.5%) women agreed to participate in the study. Of the 701 men, 48 shift workers were excluded from the analyses because they were found to have a disturbance of the circadian rhythm, which is considered to affect the risk of CHD. 9 Of the 507 women, 15 were pregnant and therefore excluded. As a result, 653 men and 492 women finally comprised the study group. Average ages were 32.6 years for men, and 26.3 years for women. Informed consent was obtained from all participants. Some were unable or refused to undertake specific tests or complete the questionnaire survey. Therefore some data are not available for analysis.
This study was designed in accordance with the clinical trial guidelines established by the Fukushima Medical University School of Medicine.
Anthropometric measurements
Anthropometric measurements were taken in accordance with a standard technique. 10 Body height was measured to the nearest 0.1 cm with a fixed standiometer. Body weight was determined to the nearest 0.1 kg. Body mass index (BMI) was calculated as weight/height 2 , where the weight is in kg and the height is in m. Waist and hip circumference were measured to the nearest 0.1 cm with a non-elastic tape, at the level of the umbilicus and the maximum extension of the buttocks, respectively. Waist to hip circumference ratio (WHR) was calculated as waist circumference/hip circumference, where circumference is in cm. Right-handed skinfold thicknesses were measured with a Keys calliper to the nearest 1 mm at the standardized sites of the mid-triceps, subscapular, and abdomen.
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Tests of physical strength
Grip strength, back strength, vertical jump, and standing trunk flexion were measured to the nearest 1 kg, 1 kg. 0.1 cm and 0.1 cm, respectively, according to the standard technique. 11 Maximum isometric grip strengths were recorded using Smedley type grip dynamometers, with each subject standing upright. The average values of right and left grip strengths were used for data analysis. Maximum isometric back strength was determined with the subjects standing but bending forward 30°, and pulling vertically on the dynamometer. In order to prevent back injury subjects were instructed to carry out this test with care. Subjects with a history of low back pain or probable low back disorder were not permitted to take part in this test. Maximum vertical height jumps were recorded for each subject. For standing trunk flexion, a subject stood on a stool adjacent to a vertical rule, bent his/her body forward, and lowered both forefingers down the rule. The lowest point from the baseline, at the level of the feet, was recorded.
Blood test and blood pressure
A blood specimen was taken from the subjects in the morning, after an overnight fast. Serum total cholesterol and triglyceride concentrations were determined by using enzymatic methods.
12 " 14 Details of blood tests have been described previously. 9 Blood pressure was measured with a sphygmomanometer (Nippon Colin: BP-203I, Tokyo, Japan), with the subject in a sitting position after at least 5 min rest.
Questionnaire
The self-administered questionnaire recorded sex, age, marital status, educational level, frequency of exercise, taking breakfast, snacking habits, taking midnight meals, smoking and drinking habits. Details of the coding used are given in Table 1 .
Data analysis
Normality was assessed for all continuous variables. Since variables of skinfold thicknesses, serum total cholesterol, and serum triglyceride were skewed to higher values, they were transformed into natural logarithms to perform the statistical tests. Age-adjusted mean values between two continuous variables were compared by applying the multiple regression technique. Statistical comparisons between two discrete variables were made by using the chi-square test. Multiple regression analyses were used to find linear association between a continuous variable, as a dependent variable, and other continuous and/or discrete variables, as independent variables. Statistically significant independent variables were picked up with the stepwise method. A P value less than 0.05 was considered to be statistically significant. The SAS statistical package was utilized for the computation.
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RESULTS
Sociodemographic and occupational characteristics of the subjects are shown in Table 2 . The ages of the S. Nakamura et a/.: Risk of CHD in Japanese workers 13 employees were 18-62 years for men, and 18-40 years for women. The mean age of the men was 6.3 years greater than that of the women. High school graduates were dominant among educational groups of both sexes. For men, the number of blue-and while-collar workers was almost the same, while for women, more than 80% were blue-collar workers. Comparisons of age, anthropometric indices, serum lipids, blood pressure, and physical strength tests between blue-and while-collar male employees, are given in Table 3 . On average, male blue-collar employees were 2.1 years older than white-collar employees. The WHR, systolic blood pressure, grip strength, and trunk flexion of blue-collar employees were significantly greater than those of white collar workers (Table 3) .
On average, blue-collar female employees were 1.1 years older than white-collar employees. The BMI, waist circumference, WHR, and grip strength were greater in female blue-collar workers than in white-collar workers (Table 4) . Table 5 summarizes results of the lifestyle questionnaire by occupational type. Male, blue-collar employees 'Statistically significant differences (P < 0.05) between the blue-and white-collar workers.
took less exercise (P=0.006) than did their white-collar colleagues, but more had breakfast (P=0.009), smoked more cigarettes (P=0.005), and drank more alcohol (P=0.001).
Female, blue-collar employees took less exercise (P=0.002) than did their white-collar colleagues, but ate more snacks (P= 0.004) and smoked more cigarettes (P=0.002). 'Sum of triceps and subscapular skinfold thickness. f P values are calculated after adjusting for age (excluding the variable 'age'). 'Statistically significant differences (P < 0.05) between the blue-and white-collar workers. S. Nakamura el ai: Risk of CHD in Japanese workers 15 The stepwise method of multiple regression analysis revealed occupational type and lifestyle factors as independent variables, associated with anthropometric indices as dependent variables. Significant results, in terms of occupation type, are shown in Table 6 . For the men, age, occupational type, and marital status were associated with WHR, but other lifestyle factors were not. For the women, occupational type was associated with waist circumference and WHR. Similarly to the results for men, marital status was the other independent variable associated with waist circumference and WHR. In order to eliminate the education factor, a probable confounder, a multivariate analysis was reperformed after restricting the subjects to those with a high school educational level. In this analysis, occupation type was again picked up as an independent variable for both men (P=0.009, w=395) and women (P=0.002, »=376).
DISCUSSION
The most interesting finding of this study was that, after adjusting for age and lifestyle factors, the WHR of bluecollar employees was greater than that of white-collar employees of either sex. Since there was no difference in abdominal skinfold thickness, the higher WHR of bluecollar employees reflected more intra-abdominal fat, which is considered to be an important independent atherogenic risk factor, 16 " 18 as is simple obesity. 19 " 21 A recent large epidemiological study reported that bluecollar employees were at a higher risk of mortality due to CHD than were their white-collar colleagues. 4 The results of our survey, which indicate a tendency to central obesity for blue-collar employees, support that finding. The reasons for this central obesity are not entirely clear, but one hypothesis is that more abdominal fat is associated with adverse behavioural factors, such as smoking, drinking alcohol, and taking less exercise, as well as possibly increased levels of sex hormones and/or cortisol. 22 The group of blue-collar employees contained a significantly greater percentage of high school graduates (88.9% vs 47.5%), non-exercisers, those who snack (women only), daily smokers, and daily drinkers (men only) than their white-collar colleagues. This finding is in line with earlier studies which have reported unfavourable lifestyle profiles of blue-collar employees, such as less leisure time physical activity, 4 ' 23 smoking, 23 " 26 and drinking. 23 ' 27 Multivariate analyses demonstrated that only occupational type and marital status were independently associated with WHR, while other lifestyle factors were not. However, this association was independent of education levels. Therefore, it is suggested that, rather than a single specifically unfavourable lifestyle, a combination of several blue-collar type lifestyles may partly play a role in accelerating the deposition of fat in the abdominal region.
It may be questioned as to why blue-collar workers have less healthy lifestyles. There have been some relevant clues which suggest that these workers have less knowledge of CHD risk. 28 There may also be less motivation to eliminate CHD risk factors such as smoking, 29 and they may also participate less in health promotion programmes. 30 Thus, health education for this group should be broadbased and comprehensive in health-related knowledge and attitudes, in order to establish better health practices.
Overall, serum lipids did not relate to occupational type, with the exception that total cholesterol concentrations in blue-collar employees tended to be higher than in white-collar employees (P=0.077). One possible explanation for the lack of any association may be that the population being studied was relatively young. In addition, it was felt that the impact on CHD of being a blue-collar worker may not be great. In Pekkanen's report, 4 the relative risk of blue-collar employees developing CHD was estimated to be between 1 and 2. Even this small impact, however, cannot be ignored when the enormous size of the blue-collar workforce, countrywide, is taken into account.
Multiple regression analysis confirm that marital status, in addition to age and occupation type, is independently associated with most indices of obesity, i.e. WHR, waist circumference (women only), and BMI (women only, data not shown); married persons being more obese than those who are single. This may be explained by changes in lifestyle, eating behaviour, and/ or physical activity after marriage, because weight gain is a result of energy intake exceeding energy expenditure. 31 ' 32 For women, marriage may be a confounding factor resulting from pregnancy.
In the company studied, blue-collar employees were engaged in manufacturing work that required little physical effort. The white-collar employees were either video display terminal operators or clerical staff. The difference in energy expenditure between the two groups did not seem large. This is only reflected in slight, but significant, differences in grip strength and trunk flexion (men only) between the blue-and white-collar groups. As previous reported, 33 exercise habits were positively associated with many physical strength parameters. For men, age, exercise habits, and occupation type correlated significantly with physical strength. Similarly, for women, the same three factors were significant predictors of physical strength, but other lifestyle factors such as smoking, drinking, eating midnight meals, and snacldng, also related to physical strength parameters. However, these results are difficult to interpret.
In summary, the present study in a Japanese occupation population gave the following conclusions.
• Blue-collar employees of either sex have more intraabdominal fat than their white-collar colleagues. This finding is independent of age and educational level, and clearly suggests that blue-collar workers are at risk from CHD.
• The lifestyles of blue-collar workers are unfavourable, and are thought to cause adverse anthropometric changes. • Slight differences were found only in grip strength and trunk flexion (men only) between blue-and whitecollar employees. This suggests that for the prevention of CHD efforts should be focused on providing broad-based concepts of health education, including knowledge, attitude and lifestyle.
